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“Green water” refers to water in soil that re-
mains potentially available to plant roots and to 
the soil biota after precipitation losses to runoff 
and deep percolation have occurred (Rockström 
et al., 2009a). 
Green water supplies enable rain-fed agriculture, 
which provides about 60% of all agricultural out-
put on 80% of global agricultural lands. 
The global flow of green water by transpiration 
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Water-smart	 agriculture	 (WaSA)	 is	 a	 flexible	 concept	 that	 was	 coined	 in	 2013	 by	 the	 Coopera-
tive	 for	 Assistance	 and	 Relief	 Everywhere	 (CARE),	 under	 the	 Global	 Water	 Initiative	 —	 East	 Af-
rica	 meetings.	 The	 WaSA	 concept	 was	 introduced	 to	 encourage	 smallholder	 farmers	 of	 Eastern	
African	 countries	 (Ethiopia,	 Tanzania	 and	 Uganda)	 to	 adopt	 improved	 crop,	 soil	 and	 water	 prac-
tices	 to	 mitigate	 yield	 losses	 due	 to	 the	 irregularity	 of	 rainfall	 (Nicol	 et al.	 2015).	 	 Since	 then,	 the	






















































• Global food security is at risk. An additional two billion people will inhabit the planet 
by 2050, even as climate change continue to exacerbate the challenges of food and 
nutrition security (UN, 20154). 
•	 Rising	temperatures,	extreme	droughts,	storms	and	floods	are	increasing	in	frequency	
and undernourished population is also increasing (UNICEF, 20195). 
•	 More	productive	and	resilient	agriculture	requires	a	major	shift	in	the	way	land,	water,	
soil nutrients and genetic resources are managed to ensure their effective application 
(FAO, 20206). 
•	 Water-smart	Agriculture	(WaSA)	is	addressing	this	challenge	from	a	‘water-first’	pers-
pective, as water is essential to all life processes related to agricultural production. 
• In our collective pursuit to secure nutritious food for all, it is essential that we consider 
water-smart	practices	now,	as	approximately	one	third	of	the	world’s	population	is	living	




























tainable	financing,	 policy	development,	 planning,	 and	other	 factors	 that	 should	be	 considered	 for	 the	
























ers	often	have	 limited	access	 to	 sufficient	 clean	water	 resources	and	 innovative	practices	 such	as	SI	or	
WaSA.	This	highlights	the	need	for	governments	to	strengthen	extension	systems,	by	providing	information	




















2. CLIMATE AND WATER-SMART 
AGRICULTURE 
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Figure 1.   Water-smart Agriculture 









than	CSA,	and	slightly	more	on	sustainable	productivity	and	 income	gains	 for	smallholders.	 In	many	
cases,	WaSA	may	be	the	most	common	approach	to	achieving	CSA	goals,	as	evidenced	by	the	fact	that	
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3.1. Hydrologic cycles, categorized as shades of water (Green, Blue and 
Grey water)
A	fundamental	conceptual	framework	of	WaSA	is	derived	from	hydrology,	which	is	the	scientific	study	
of	 the	occurrence,	distribution,	movement	and	properties	of	 the	Earth’s	waters	and	 their	 relationship	 to	
the	 environment7.	As	 it	 relates	 to	 agriculture	 and	 the	 environment,	 the	pictorial	 terminology	 (Figure	2)	
for	the	various	components	of	the	hydrologic	cycle	are	clearly	articulated	by	Rockström	et	al.	(2009)	and	
























3.  HYDROLOGIC CYCLE AND WATER 
MANAGEMENT 
“Green water” refers to water in soil that remains potentially available to plant roots and to 
the soil biota after precipitation losses to runoff and deep percolation have occurred (Rocks-
tröm et al., 2009a). 
Green water supplies enable rain-fed agriculture, which provides about 60% of all agricultural 

















with	 the	quality.	 	Unfortunately,	when	water	 is	used	by	humans	 its	quality	 is	 typically	 reduced,	posing	
problems	for	downstream	users.	Given	the	challenge	of	adequately	balancing	the	rates	of	withdrawal	and	
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3.2.1 Storm-driven soil erosion and flooding
WaSA	practices	for	excess	water	conditions	must	include	soil	management	practices	that	maintain	pro-
tective	soil	coverage.	This	is	necessary	to	protect	soil	from	erosion	and	excessive	runoff	and	to	improve	
“Grey water” or recycled water 
refers to previously used water 
that may contain impurities. 
It is wastewater that is usually 
treated, discharged, and used by 
cities, households, and industries 
(Schneider 2013).
Israel reuses 85% of recovered 
wastewater for agricultural 
irrigation and for other purposes 
(Brenner	2012).	
The relatively high energy con-
sumption and cost of desalina-
tion technologies limit the use of 
desalinated water for agricultur-
al irrigation in many countries.
A watershed (drainage basin or catchment) is an area of land that drains all the streams 
and	rainfall	into	a	common	outlet	such	as	the	outflow	of	a	reservoir,	mouth	of	a	bay,	or	any	
point along a stream channel. Ridges and hills that separate two watersheds are called the 
drainage divide. The watershed consists of surface water: lakes, streams, reservoirs, and 
wetlands and all the underlying groundwater. Large watersheds contain many smaller wa-
tersheds.	Watersheds	are	important	because	the	stream	flow	and	water	quality	of	a	river	
are affected by activities, whether human-induced or otherwise, in the land area “above” 
the	river-outflow	point.



























































face	 runoff	 can	 be	 reduced	 by	 improved	 soil	 and	 agronomic	 practic-
es	(Rockström	et al.	2007).	These	practices	will	generally	increase	the	
area	of	soil	covered	by	plants,	 thus	reducing	nonproductive	soil	evap-
oration	 (E)	 losses	 in	 favor	of	productive	plant	 transpiration	 (T).	Plant	
growth	and	associate	crop	yield	is	dependent	on	adequate	soil	moisture	
availability.	 Crop	 physiology	 comes	 into	 play	 and	 as	 soil	moisture	 is	
depleted,	plants	can	become	water-stressed	and	respond	by	closing	leaf	
stomata.	As	a	result,	transpiration	is	reduced,	which	is	a	plant’s	response	


























“At current the yields 
produced in African, about 
two-thirds of soil moisture 
is lost via soil evaporation, 
leaving only one-third of 
the captured rainfall avail-
able for plant transpiration. 
But	when	cereal	yields	rise	
from	one	to	three	t	ha−1,	
the crop canopy closes and 
the	balance	flips	over:	only	
about a third is lost through 
soil evaporation, and two-
thirds is funneled through 
the plants as transpiration.” 
(Sánchez 2010: 300)
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4. SOIL HEALTH AND BIOPHYSICAL 
PROPERTIES
Soil health speaks to the 
importance of managing 
soils, so they are sustain-
able for future generations 
and refers to the contin-
ued capacity of the soil to 
function as a vital living 
ecosystem	that	efficiently	
absorbs, stores and releas-
es green water for crop 
growth. If managed with 
care, soils are resilient and 
self-regenerating. 
“Soil management must be geared toward passing a habitable, albeit highly altered 
landscape to the generations that follow—one where our exploitation of, and impacts 
on, soil resources is adjusted to the pace of our planet’s renewal. These strategies 
should focus on regaining a balance in (i) organic C inputs and losses, (ii) soil erosion and 
production,	and	(iii)	release	and	loss	of	nutrients.	Soil	sustainability—based	on	quantitative	
principles and measurements of soil erosion and production, soil nutrient loss and release, 
and soil carbon loss and return—must be the ultimate goal for managing the global soil 
resource” (Amundson et al. 2015: 1261071-5). 



















challenges,	which	 often	 limit	 their	widespread	 use	 in	 soil	 health	 analysis,	 particularly	 at	 the	 farm-lev-
el.	These	challenges	are	further	compounded	by:	(i)	an	almost	limitless	
diversity	 of	 species	 that	 inhabit	 different	 soil	 types	 under	 agricultural	
production	and	(ii)	our	lack	of	understanding	about	the	roles	of	most	of	








Figure 3. USDA-NRCS Soil texture 
triangle.
           
Source:	USDA-NRCS	(2020)
 “The challenge for the 
future is to develop sustain-
able management systems 
which are the vanguard of 
soil	health;	soil	quality	indi-
cators are merely a means 
towards	this	end’’	(Doran	
and Zeiss 2000: 3). 
“Soil organism and biotic 
parameters (e.g. abundance, 
diversity, food web struc-
ture, or community stabili-
ty) meet most of the five 
criteria for useful indicators 
of soil quality. Soil organ-
isms respond sensitively to 
land management practices 
and climate. They are well 
correlated	with	beneficial	
soil and ecosystem functions 
including water storage, 
decomposition and nutrient 
cycling,	detoxification	of	
toxicants, and suppression 
of noxious and pathogenic 
organisms.”	(Doran	and	
Zeiss 2000: 3). 
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by	 rainfall	 or	 irrigation.	 Soil	 texture	 and	 associat-
ed	pore	size	distribution	influences	 the	rate	of	soil	




 4.2.5 Soil moisture retention 
Unsaturated	water	 flow	 is	 largely	 controlled	 by	
the	physical	arrangement	of	soil	particles	in	relation	




Figure 4. Soil moisture retention 
curves as a function of soil type. 
Source:	FAO	(2018).













                                                                                                         


















4.2.8 Soil erodibility 
In	addition	to	dust	storms	and	land	degradation,	soil	erosion	removes	the	most	fertile	soil	components,	
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Figure 5. Destruction of soil aggregation and soil structure by disc plowing 
(Malawi). 
Figure 6. Eroded hillside in Nicaragua - leaving exposed 
Rocks but still farmed.                                 
Source:	Kueneman	(2013)
Source:	Kueneman	(2013)
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4.3.1 Soil cation exchange capacity (CEC) 
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Figure 9. Plant nutrient uptake in relation to soil pH. 
 
Source:	Fast	Grow	Fertilizers	(2019)









The SOC reservoir is not static but is constantly cycling between different global carbon pools in 
various molecular forms. While CO2 (carbon dioxide) and CH4 (methane) are the main carbon-based 
atmospheric gases, autotrophic organisms (mainly plants), as well as photo- and chemo-autotrophic 
microbes,	synthesize	atmospheric	CO2	into	organic	material.	Dead	organic	material	(mainly	in	the	
form of plant residues and exudates) is incorporated into soil by soil fauna, leading to carbon inputs 
in the soil through organic material transformation by heterotrophic microorganisms. CO2 is emitted 
back into the atmosphere when soil organic matter is decomposed (or mineralized) by microorgan-
isms. Soil tillage accelerates CO2 emissions and decreases SOM.













extract	of	 the	soil,	denoted	by	 its	ECe.	 	Accumulation	of	salts	 in	agricultural	 soils	 typically	arises	 from	






























Phosphorus	 are	 the	most	 commonly	 deficient	macro-nutrients.	 Potassium	 is	 also	 increasingly	 deficient,	
especially	in	heavily	cropped	areas.	Some	crops,	such	as	cassava,	generally	respond	well	to	supplemental	
potassium	applications.	Plant	visual	symptoms	(generally	crop	specific)	are	indicators	of	possible	nutrient	











in	soils.	WaSA practices strive to ensure a balanced plant nutrition system (BNS), and to maintain 
SOM, ensuring that all required plant nutrients are present in balanced amounts and are not limiting 
plant productivity.	The	literature	on	nutrient	management	for	crops	and	cropping	systems	is	extensive.	
However,	a	recommended	text,	Plant nutrition for food security: a guide for integrated nutrient manage-
ment		by	Roy	et	al.	(2016)	provides	an	excellent	review.	








Figure 10. The 4 R’s of increasing fertilizer use efficiency 
Source:	IFA	(2016)
























increasing	 resilience	 to	biotic	 and	 abiotic	 stresses	 by	 enhancing	nutrient	



















“The use of improved variet-
ies, adequate production prac-
tices for irrigation, soil pres-
ervation, direct seeding, or 
zero or low tillage and water 
management are some of the 
most important practices aimed 
at counteracting the impact of 
climate change on agriculture.” 
(IICA and Fundación Colegio 
de Postgraduados en Ciencias 
Agrícolas 2017: 122) 




















2) Maintaining permanent soil cover.	In	CA	systems,	prior	to	planting,	non-harvested	crop	residues	
from	the	previous	crop	(e.g.	straw)	are	left	on	the	soil	to	decompose	in situ.	This	protects	the	soil	surface	
from	water	or	wind	erosion	and	runoff,	increasing	soil	organic	matter	and	enhancing	water	infiltration	into	
soils.	 In	 addition,	 crop	 residues	may	 reduce	 soil	 evaporation	 losses,	 improve	 soil	 nutrition	 and	 support	
weed	control.	Increasing	crop	residues	in	the	form	of	mulch	has	produced	positive	impacts	in	agricultural	
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Figure 11. No-till planters are being increasingly manufactured widely; as 
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tercropping.	The	recent	expansion	of	soybean	in	Africa	as	a	cereal	rotation	crop	merits	attention,	as	
the	opportunities	for	continued	local	and	regional	markets	are	huge.	Due	to	the	processed	poultry	




























zania,	 adoption	 generally	 lags	 behind	 in	 Sub-Saharan	Africa.	Medium	 and	 relatively	 large	 holding	
mechanized	 farmers	 in	 South	Africa	 are	 adopting	more	 readily	 (Thierfelder	 et	 al.	 2018).	As	CA	 is	
knowledge-intensive,	 investment	in	proper	training	and	empower-
ment	for	smallholder	farmers	is	required	for	them	to	adopt	CA	prac-
tices.	 Public/private	 sector	 partnerships	 for	 investment	 in	 system	
changes,	 including	 for	 appropriate	 mechanization,	 are	 often	 lim-
iting.	The	CFU,	mentioned	above,	 is	 catalyzing	adoption	 through	
enabling	of	 trainers	 and	 service	 providers	 in	 southern	Africa,	 but	
a	similar	facility	has	not	yet	taken	a	strong	rooting	in	West	Africa,	
though	more	recently	in	Ghana	the	Buffet	Foundation	is	beginning	
to	 foster	 smallholder	 farmer	 CA-enabling	 (https://centrefornotill.
org/#home).
Adoption	 is	 widespread,	 with	 about	 180	 million	 ha	 under	 CA	
globally.	Approximately	12.5%	of	all	agriculture	is	now	under	CA	
systems	 (Kassam	et al.	 2009,	2018),	which	 is	 substantial	growth,	
considering	 that	CA	was	only	practiced	 in	about	25	million	ha	 in	
1990.	Medium-	and	large-holder	farmers	are	the	primary	CA	adopt-
Expanding the Service Econ-
omy for Sustaining Impact: 
Through its partners, the US-
AID-supported	Cereal	Systems	
Initiative for South Asia (CSISA) 
facilitated the emergence of an 
additional 740 zero-tillage (ZT) 
service providers for wheat, 
reflecting an annual growth 
rate of 34%. Aided	by	the	proj-
ect’s	efforts,	more than 47,000 
smallholder households imple-
mented ZT	for	wheat	in	Bihar	
and Eastern UP India in 2015- 
16.	(MacDonald	2017).




5.1.1.2 Other benefits of CA
Besides	the	reduced	air	pollution	from	crop	residue	burning	that	is	avoided	in	CA	systems,	reduced	
tillage	 lowers	 the	need	 for	 fossil	 fuel	 to	 run	machinery,	 thereby	decreasing	greenhouse	gas	 (GHG)	






















5.1.2. Soil erosion control practices
Agriculture	runoff	is	considered	a	primary	source	of	contamination	of	rivers,	lakes	and	estuaries.	Soil,	
pesticides,	organic	matter	and	fertilizers	are	washed	from	agriculture	fields	into	streams	across	watersheds,	







lead	 to	water	pollution	and	are	major	contributors	 to	 surface	water	 eutrophication	via	nitrogen	and	
phosphorus	 pollution.	Therefore,	most	Northwestern	European	 countries	 now	monitor	 nitrogen	 ap-
plications,	and	farmers	are	penalized	for	excess	application.	Similarly,	California	is	developing	state-
wide	 policies	 to	 reduce	 groundwater	 contamination	 by	field-applied	 fertilizers	 (European	Fertilizer	
Manufacturers’	Association	–	EFMA	2000).	Without	question,	WaSA	 includes	management	of	crop	
inputs	 in	 type,	 amounts,	 timing,	and	application	methods	 that	minimize	water	contamination.	Also,	
practices	such	as	rotating	crops	with	N-fixing	legumes	(e.g.,	soybean,	cowpea,	chickpea,	lentil	or	alfal-
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fa)	and	reducing	runoff	through	reduced	tillage	approaches,	are	effective	in	reducing	fertilizer-caused	
pollution.	
Similarly,	 many	 pesticides	 are	 washed	 into	 ecosystems	 and	 into	 potable	 water	 sources.	 The	
World	 Health	 Organization	 and	 FAO	 work	 in	 concert	 to	 enable	 global	 discussion	 and	 regulations.	
FAO	 hosts	 the	 Codex	 Alimentarius,	 the	 International	 Plant	 Protection	 Convention	 and	 the	 Rotter-
dam	 Convention,	 toward	 regulation	 of	 toxins	 in	 agriculture.	 WaSA	 embraces	 integrated	 pest	 man-

























• Conservation tillage: Reducing	how	often	fields	are	tilled	lessens	erosion	and	soil	compaction,	builds	
soil	organic	matter,	and	reduces	runoff.
• Managing livestock waste: Keeping	animals	and	their	waste	out	of	streams,	rivers	and	lakes	keeps	
nitrogen	and	phosphorus	out	of	the	water	and	restores	stream	banks.
• Drainage water management: Reducing	nutrient	loadings	that	drain	from	agricultural	fields	helps	
prevent	degradation	of	the	water	in	local	streams	and	lakes.
















Figure 12. Farming on steep hill lands in the highlands of Rwanda using 
terracing and other sustainable soil erosion management practices, 
Source:		Kueneman	(2013)
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Africa.	Mature	Faidherbia	 helps	 recover	 soil	 fertility,	 and	because	of	 its	
unusual	reverse	phenology,	it	does	not	compete	with	crops	for	sunlight.	Its	
Dr.	Muhammad	Aslam	
of ARS, reported that 
planting on raised beds 
in	the	Punjab	reduces	the	
amount of water needed 
for irrigation by 30% to 
40% and, also improves 
crop yield by 15% to 25% 
(Nasrullah and Hussain 
2014). 








With	no	herbicides	 available,	 a	 smallholder	 family	 farm	generally	

































dreds	of	years,	viral	diseases	and	parasitic	weeds	such	as	striga	(Striga hermontfrica and Alectra vogelii)	
are	making	 low-input	production	challenging.	Moreover,	 tightening	regulations	with	 respect	 to	Aflatox-
in	contamination,	resulting	from	plant	infection	by	Aspergillus spp.,	has	reduced	groundnut	international	
trade,	especially	to	Europe.	
Utilization of green manure/cover crops and fodder crops (GMCCs):	Cover	crops	are	grown	specifical-
ly	to	help	maintain	soil	fertility	and	productivity.	GMCCs	increase	soil	organic	matter	(SOM)	levels	in	at	
least	one	of	two	ways,	by	decreasing	erosion	and/or	by	adding	fresh	plant	residue	to	the	soil.	Leguminous	
Planting pits are used as a 
precipitation harvesting method 
to prevent water runoff and to 
reduce erosion while conserving 
water	for	crop	uptake.	Basically,	
holes are dug 50-100 cm apart 
from each other with a depth of 
5-15 cm. They are applicable for 
semi-arid areas with annual and 
perennial crops (such as sorghum, 
maize, sweet potato and banan-
as). These micro-catchments are 
best suited for medium perme-
ability soils, with silts and clays, 
but use is also spreading in sandy 
soils in West Africa. To further 
increase crop production, organic 
matter (such as compost or ma-
nure) can be placed in the pits as 
a fertilizer (UNEP n.d.). 































can	also	 increase	 root	biomass	and	soil	C,	 thereby	contributing	 to	 improved	soil	 structure,	 soil	water	
infiltration	and	water	retention.			
Precision fertilizer placement:	 Precision	 application	 of	 fertilizers	 has	 been	 practiced	 for	 many	
decades	 and	 is	widely	 adopted	 by	 smallholders	 across	 the	 tropics.	 By	 increasing	 yield	 per	 unit	 of	
fertilizer,	it	also	increases	WUE.	Several	recent	innovations	in	fertilizer	coatings	are	enabling	better	
placement	 for	efficiencies	and	savings.	The	development	of	urea	briquettes	 is	an	excellent	example	
of	 this.	The	Urea	Deep	Placement	 (UDP)	 technique,	 developed	by	 the	 International	Rice	Research	
Institute	(IRRI)	and	the	International	Fertilizer	Development	Center	(IFDC),	is	a	good	climate-smart	













labor per hectare. Higher yields and savings on fertilizer expenditures more than compensate for 
the	additional	field	labor	expenses.	At	the	national	level,	imports	of	urea	have	been	reduced,	with	
savings	in	import	costs	estimated	by	IFDC	at	USD	22	million	and	in	government	subsidies	of	USD	
14 million (2008), for an increase of production of 268,000 metric tons.” (FAO 2014).
























and	 intervention.	 For	 example,	California	 developed	 the	California	
Irrigation	Management	Information	System	(CIMIS),	which	current-





Worldwide, over 351 mil-
lion hectares are currently 
equipped for irrigation, of 
which 304 million hectares 
are	equipped	for	full	control	
irrigation. Yet, the distribution 
of irrigated land varies widely. 
Almost 40% of irrigated land 
is	in	East	Asia	and	the	Pacific	
region, and more than 30% is in 
South Asia. Only 5% of har-
vested land in SSA is irrigated 
(Ringler 2017).       














































ciently,	 irrigation	 expansion	must	 be	 coupled	with	 investments	 in	
efficiency	 enhancement.	 Efficiency	 can	 be	 increased	 by	 adopting	
Safe water is essential for safe 
fruits and vegetables consumed 
raw. Washing can decrease but 
not eliminate contamination, 
especially if the water is contam-
inated with chemicals and patho-
gens. Similarly, a single event of 
irrigating the edible crop with 
pathogen-contaminated water 
can lead to severe disease 
outbreaks. This is especially 
relevant in developing coun-
tries with limited accessibility 
to	high-quality	irrigation	water	
in and around peri-uban areas 
where horticulture produce is 
often grown.




Table 1 Total harvested area (million ha) by region in 2010 and projected 
area in 2030. 
 
Adapted	from	(Nelson	et	al.	2017).
Timing	of	 irrigation	depends	on	many	 factors,	 including	 irriga-






leading	 to	 reduced	crop	yields.	Also,	gravity-driven	systems,	 such	
as	border	and	furrow	irrigation,	are	inefficient,	especially	for	small-












The fraction of water that drains 
beyond the root zone relative to 
the amount of applied irrigation 
water	is	defined	as	the	leaching 
fraction (LF).  
The leaching requirement (LR) 
has	been	defined	as	the	mini-
mum	LF	that	is	required	over	a	
growing season for a particular 
quality	of	water	to	achieve	maxi-
mum yield of a given crop.


















Figure 13. Cambodian woman raising vegetables  on drip irrigated raised 
beds with mulch  
Source: Dr. Manuel Reyes, Kansas State University
Instituto Interamericano de Cooperación para la Agricultura   37









ed,	 including	 in	 developing	 countries.	The	USAID	Feed	 the	Future	
Horticulture	Innovation	Laboratory	is	testing	CA	on	permanent	beds	
with	 drip	 lines	 in	 Guatemala,	 Cambodia,	 Nepal	 and	 Uganda,	 with	



















































Figure 13. Cambodian woman raising vegetables  on drip irrigated raised 
beds with mulch  
Source: Dr. Manuel Reyes, Kansas State University
Fertigation has tremendous 
potential for maximizing 
yields, while minimizing envi-
ronmental pollution that could 
help turn vast areas of arid and 
semi-arid land in many parts of 
the world into farmland, as well 
as preventing water from being 
wasted in conventional irriga-
tion systems. Efforts to enable 
and empower smallholder 
vegetable farmers to benefit 
from these drip fertigation 
technologies are underway. 
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In	Asia,	many	such	ponds	are	used	 for	aquaculture,	as	well	as	 for	 supplemental	 irrigation.	Smallholder	
farmers	with	access	to	water	sources	like	these	are	less	vulnerable	to	irregular	rainfall	and	can	plant	early,	
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Figure 14.  Smallholder use of laser land leveler in rice/wheat 






Using	groundwater	aquifers	 to	 irrigate	crops	 is	a	widely	used	practice,	especially	 in	regions	where	
available	surface	water	flows	are	inadequate,	or	in	times	of	drought.	Yet,	in	many	cases,	farmers	start	





environmental	 global	 concern.	 In	 some	cases,	 aquifer	depletion	 can	be	managed	 through	conjunctive	
use	of	groundwater	and	surface	water.	This	option	 is	under	study	 in	California,	by	restoring	depleted	
ground	water	and	aquifers	by	winter	flooding	of	croplands	when	rain	and	snowfall	are	abundant	(Harter	
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6. BIOLOGICAL APPROACHES  
9.	The	term	“biologicals”	refers	to	microorganisms	selected,	multiplied	and	deployed	for	a	desired	outcome,	such	as	nitrogen	fixation,	
pest	tolerance,	and	drought	tolerance.
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To	date,	most	 genotypes	with	 salt	 tolerance	 genes,	 inserted	 through	 backcrossing,	 have	 not	 suffered	
losses	of	yield	potential	when	grown	under	non-salt-stress	ecologies,	compared	to	their	respective	iso-lines	
without	the	salt	tolerance	gene.	








































waterlogging	 tolerance.	 If	 this	approach	succeeds,	 there	may	well	be	a	need	for	special	 technologies	 to	














ing	cocktails	of	microbial	 inoculants—primarily	of	 fungal	species—when	applied	 to	desert	soils	 in	 low	
volume	compost,	can	jump-start	soil	functionality	and	significantly	increase	WUE.	https://www.csuchico.
edu/regenerativeagriculture/bioreactor/david-johnson.shtml.	While	 it	 is	 too	early	 to	comprehend	 the	 full	
relevance	of	plant	probiotics,	levels	of	investment	and	examples	of	rhizobial	inoculants	and	microbial	plant	
growth	stimulants	abound.	It	is	more	than	likely	that	probiotic	markets	will	become	increasingly	important,	
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International	agricultural	development	policies	and	their	implementation	are	often	marginalized	by	po-
litical	tensions.	Historically,	conflicts	arise	from	trans-boundary	water-sharing,	such	as	from	cross-border	








countries10.	Most	 notable	 is	 the	 case	 of	 South	Asia,	where	 about	 1.2	 billion	 people	 depend	 heavily	 on	






























7. WASA POLICY 
10	There	are	occasional	large,	very	deep	aquifers	that	are	sometime	considered	as	“fossil	water,”	and	can	rarely	be	tapped	economi-
cally.	The	Nubian	Aquifer	under	Egypt	and	Libya	is	an	example.
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implementation	 impacts	water	 supply	 and	 demand	 (UNESCO	 2015).	Ministries	 of	 agriculture,	 as	well	









































































or	water	districts.	 If	upstream	farmers	do	not	adopt	WaSA	practices,	 the	benefits	 for	downstream	water	










8. SYNTHESIS AND REFLECTION
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often	coherent	inputs	from	both	the	public	and	private	sector	are	synergistic,	facilitating	farmer	adoption	
of	 improved	management	practices	and	 jointly	 investing	 to	develop	farmer	service-provider	 training.	In	
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